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(57) Abstract: An improved transducer for a proximity sensing system using a sonar transmitter is disclosed. An autonomous device 
provided with a number of motor-driven wheels further comprises a number of elements for the proximity navigation and guiding of 
the device such as a microprocessor system and a proximity ultrasonic sensing system comprising at least one transmitting member 
and one receiving member. The transmitting member is formed by the ultrasound transducer (1 1), which is positioned behind a 
wire mesh at the front of the device. The device transmits ultrasonic waves from a first strip-shaped device (21) with a narrow 
vertical distribution within a wide horizontal sector, and a second strip-shaped device (22) providing a wider vertical distribution 
within a similarly wide horizontal sector in front of the autonomous device. The proximity sensing system comprises a number of 
microphone units provided with hollow pipes for the sound and forming a input portion of a receiving system for receiving echoes 
of the transmitted ultrasonic waves reflected from objects in the forward course of the moving device. With this arrangement of 
transmitting and receiving, echoes from the floor or ground as well for instance sharp edged carpets or the like will be heavily 
suppressed. This men gibes a much more simplified detection of objects in the zone near to the device, where echoes from a floor 
or ground and the device itself become very strong. 
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Sonar transducer 

TECHNICAL FIELD 
The present invention relates to a sonar transducer and more exactly an 
improved ultrasound transducer for an autonomous device for instance a 
self-navigating vacuum cleaner. 

BACKGROUND 

For many years there has been a desire to provide, for instance, an 
autonomous apparatus for floor treatment, particularly a vacuum-cleaner, 
which is controlled by a sensing system sweeping around the horizon in 
analogy, for example, with a ship radar. Then the desire is, that the apparatus 
should be able to navigate itself in a room, such that it, for instance, will be 
able to perform a cleaning function according to a predetermined pattern or a 
predetermined strategy and at the same time avoid colliding with different 
obstacles, which may be present in the room, besides avoiding collisions with 
the walls or other limitations of the room. 

Several such systems are known to the prior art, two of which are disclosed in 
the International Patent Applications WO 97/41451 (U.S. Patent No. 
5,935,179) and WO 00/38028. An embodiment of an autonomous apparatus 
according to the prior art generally consists of a main body, being supported 
on or by a number of motor driven wheels or rollers and further containing a 
set of sensors usually in combination with transmitters for navigation as well 
as obstacle detection. A microprocessor is together with appropriate software 
controlling the device and via output data controlling the transmitters and the 
motors of the device. The microprocessor receives input data from the sensors 
and the wheels. Hie wheels then are used for position information and the 
sensors for localization of wall limitations as well as localization of potential 
obstacles. 

A disadvantage of the apparatus disclosed in WO 97/41451 will be due to a 
somewhat limited sonar range in some elevation directions and therefore some 
range limitations will result in the ability to detect potential obstacles. 
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for receiving echoes of the transmitted ultrasonic waves reflected from objects 
in the forward course of the moving device. 

A proximity sensing system for an autonomous device according to the 
present invention is set forth by the independent claim 1 and further 
embodiments are set forth by the dependent claims 2 to 10. 

A transducer for the proximity sensing system according to the present 
invention is set forth by the independent claim 1 1 and further embodiments 
are set forth by the dependent claims 12 to 19. 

DESCRIPTION OF THE DRAWINGS 
The invention will be described in form of a preferred embodiment by making 
reference to the accompanying drawings, in which: 

FIG. 1 demonstrates a top view of an autonomous device in form of an 
embodiment showing a vacuum-cleaning robot equipped according 
to the present invention; 

FIG. 2 shows a side view of the autonomous device according to FIG. 1; 

FIG. 3 shows a front view of the autonomous device illustrating the 
transmitter member at the front and two rows of receiving sensors; 

FIG. 4 illustrates the double transducer element placed behind a wire mesh 
in front of the device; 

FIG 5 is an enlarged horizontal cut of the transducer element of FIG. 4 
through one of the transmitter strips; 



FIG. 6 



illustrates a simplified transmitter driving and switching circuit for 
the transducer element of FIG. 4; 
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DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT 
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equivalent devices, will be used for obtaining a dead count for estimating the 
distance of travel. Optional wheels support the back of the device. The device is 
generally balanced with a slightly larger weight on the rear half of the device, 
carrying for instance the batteries, such that it will always move with all 
5 wheels in contact with the floor. Due to this balancing the device may easily 
climb the edges of floor carpets and the like. 

Ultrasound transducer 

In Figure 4 is demonstrated an embodiment of the ultrasound transducer 
10 used for the ultrasound transmitter 10 in the front of the autonomous device 
1. The ultrasound transducer consists of two strip-shaped elements 21 and 
22 on a base material 1 1 presenting a length covering the inside of the front 
wire mesh opening of the autonomous device 1. The base foil 11 is further 
provided with a portion 24 carrying a connector 25 for electrical leads to the 
15 transducer elements 21 and 22. 

Figure 5 illustrates a horizontal cross section of either of the two strip- 
shaped elements 21 and 22. An arrow indicates the transmit direction in 
Figure 5. The ultrasound element forming the semicircular electrostatic film- 

20 transducer consists of a thin membrane 30 of a metallized foil, for instance a 
PET-foil or the like. The foil carrying a thin metallic layer 31 forms the 
membrane in front of a thin air gap 32. The air gap separates the membrane 
from a second conducting layer 34. The carrier base material 35 with the 
conducting teyer 34 is further on its opposite side coated with another layer 

25 36. Hie second layer of conducting will act as a further screening of the back 
of the transducer elements which by the metallic layers 31 and 34 will act as 
a capacitor with the PET foil of the membrane 30 and air gap 32 as a 
dielectric. Hie second additional conducting layer 36 is further coated with 
an insulating dielectric layer 37. The metallized PET-foil should preferably 

30 not be thicker than 5 jxm. In a preferred embodiment the metallic layer is a 
5-100 nm layer of gold. The very thin air gap 32 is of great importance for 
the performance of the present ultrasound transducer, therefore the 
roughness of the layer 34 will be essential to maintain the thin air gap 32. 
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controlled by a microprocessor 40. Figure 6 illustrates a simplified diagn^ 
of an embodiment of the ultrasound generator. In the illustrate 

m . . . « rft Q03Q processor is utilized, but other integrated 
embodiment a Motorola MC68332 processor is 

_ c mav ^ used by suitably adapting the software 
low power microprocessors may be usea D y aui 3 

T . CPU 40 of Figure 6 delivers a set of square 
for the autonomous device. The CP u woirg 

pub*, at a frequent of 30 U. » a driver consisting of a field rife* 
Insisto, The drain of «he field effect transit has its 
the prhnary winding of a transfonner having two secondary wndurgs feedmg 
L^eXe uttrasound element 3 1 and 22* Either one of ^ ~£ 
string elements win teceive the electrical drive 
doubied to a 60 kHz ultea sound signal since the transducer lement . 
mOP* Thus Ore generated sound win be twice tire frequency of the mp* 
31 tire iUustrative embodiment the signal consisted three peno^ 
TtHz wfth a duty cycle of 40% generated tan a Tune Processor Un.t (tnt 
ure uniprocessor. The TPU then runs in a mode referred to as Queued 
Output Mode (OOM). The microprocessor 40 will connect te ground etther 
the control signal TXNEN- to the switch 42 for element 21, ™ for a narrow 
vertical transmission or the control signal™- to switeh 44 for the ,* 
vertical teansmission element 22, TXW. Changmg the prograntmrng of tire 
QOM function parameters can vary frequency, duly cycle and number 
pulses in the transmitted burst. 
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The physical horizontal shape of a, element snip of the transducer 
geneltea a beam pattern with a wide horizontal distiibution. Figure 7 
Lstrates a diagram for tire horizontal di*ribution of tire utosound wes 
ft™ ate transmitter 10. Both the narrow and the wider stnp get a snnto 
horizontal distribution. Figure 8 uhrsteates a vertical distention of the 
ultrasound transmitted from tire wider strip. The reason for the compressed 
1*. is that tire wider ship acts as a vertical azray of transmitter elements. 
The different sized lobes in the diagram fflusbales the vertical lobe at 
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different horizontal angles from the central forward direction of the wire 
mesh 10 at directions perpendicular to the semicircular wire mesh. 

Figure 9 illustrates corresponding vertical beam patterns for the narrow strip 
5 transducer. Also the maximum forward power output will be lower for the 
narrow strip producing the wider vertical pattern distribution. In other word 
the radiation pattern according to Figure 9 is suitable for near field 
navigation in combination with both the lower and upper rows of sensor 
microphones 12 and 13, while the radiation according to Figure 8 is 
10 excellent for sensing more distant obstacles mainly using the lower row of 
sensor elements 12. 

Sensors for detecting the ultrasound transmitted by the ultrasound 
transducer may typically be Electret Condenser microphones The directivity 

15 of a naked microphone is almost omnidirectional. Therefore, according to the 
state of the art, the ultrasound sensor microphones are mounted behind a 
device containing a pair of vertical soundpipes in order to obtain a desired 
directivity. With this arrangement of transmitting and receiving, echoes from 
the floor or ground as well for instance sharp edged carpets or the like will 

20 be heavily suppressed. This gives a much more simplified detection of 
objects in the zone near to the device, where echoes from a floor or ground 
and the device itself are strongest. 

It will be obvious to a person skilled in the art that the present transducer 
25 may be modified and changed in many ways without departing from the 
scope of the present invention, which is defined by the appended claims. 



PCT/SE02/00421 

WO 02/075356 

8 

CLAIMS 

* , aT , autonomous device (1) provided 
t . A probity sensing system «• » *~ fransmitting 

and compnsing an uitrasoui* 
^ motor driven wheels «d P fc a ^^esscr 

member and receivmg members which hv means of echo signals 

^ «f thp autonomous device by means «^ 
controlling the mohons of the - ton ^ to receiving members, 

from the transmitter member recetved by 

characterized in that states a double ultrasound 

tte transmttter dements formmg 

^ucer containing two ^ device; 

asm^semic^u^p^^^^ form3 . 

a first atrip-shaped element of the ^ ttawm ° ^ — 

first dongated wide film-strip (21) E—g • j~ 

k^™ »t an ootimum acoustic signal level output, 
vertical* narrow beam at an opttm ^^und transducer forms a 

a second strip-shaped element of the ^ and 

, aecond elongated narrow film-strip (22, generatmg a tan— - 

vertical* wide beam; for receiving signals 

whereby recemng members ar a^roundings 
^tted by the uttrasound transducer and reflected from 
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. r1aim 1 characterized in that a first row of 
2 . The system according to claim 1 , c *^"~ mem bers 

. , no v ftn( i a second row of upper receiving 

lower receiving members (12) and a sec ultrasound 
M31 are arranged for receiving signals transmitted by 
(13) are an*u*& autonomous device, 

transducer and reflected from surmundmgs of the aut 

a- „t„claiml characterized in that the first (21) 
3 . The system accordmg to clam 1, eh"* ^^^d transducer 
and second (22) strip-shaped element of the ^ 
consmu* capacitance mm-trar^uu^g as ^ ^ ^ 

* ~ a ti,^ laver of the order 5 urn or less anaauun 
foil (30) presenting a thin layer 01 m 

(32) in front of a second metallic layer (34). 
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4. The system according to claim 3, characterized in that the 
metallized foil layer of the strip-shaped elements (21, 22) of the ultrasound 
transducer is a thin layer of an environmentally stable metal. 

5. The system according to claim 3, characterized in that the 
metallized foil (30) of the strip-shaped elements of the ultrasound transducer 
is provided with a layer of gold (31). 

6. The system according to claim 5, characterized in. that the 
metallized foil layer of gold is of the order 5-100 nm. 

7. The system according to claim 3, characterized in that the second 
metallic layer constitutes a first conducting layer (34) onto a base material 
provided on an opposite side with a second conducting layer (36) covered by 
a dielectric layer (37), the second conducting layer acting as an electrical 
screening of the back of the transducer. 

8. The system according to claim 1, characterized in that the 
transmitter member (10) controlled by the microprocessor operates in an 
ultrasound frequency range around 60 kHz thereby avoiding general noise 
generated for instance by personal computer monitors. 

9. The system according to claim 2, characterized in that the lower 
receiving members (12) and upper receiving members (13) constitute 
ultrasound microphone units provided with hollow pipes to further improve 
a directivity pattern for each ultrasound microphone unit. 

10. The system according to claim 2, characterized in that one 
ultrasound microphone in the first row of lower receiving members (12a) is 
positioned directed to one side of the autonomous device to be used in a wall 
tracking operation. 
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driven by the ultrasound generator forms a second Congated narrow fita- 
strip generating a horizontally wide and vertically wide beam; 

1 « strip-shaped element ,2!) and aecond atrip-shaped element 
(22) forming one integrated transmitting device (11). 

, M „«rf„cer according to claim 11, characterized in 
12. The ultrasound transducer according M 

.ta, the first strip-shaped element ,21) and second stnp-shaped ^nent ^ 

Ling one integrated transmitting de*ce ,11, being plac* abo~ a « 

JTof tower reviving members (12, and be!ow a secon d row ^ 

^ving members ,13, receiving signals tranamhted by the ulti^d 

^ter ,10, and footed from surmundinga of the autonomous devrce. 

. 13 The ultrasound transducer accruing to claim 11, charade* u 
L thTfirat P l, and second ,22, strip-sha^ element of the unsound 
Z**~ Jtsutiate capacitance fihn-transducera win, a mem. »- - a 
.netalfized foil ,30) presenting a thin layer ,31, of the order 5 pm or leas and 
a thin air gap ,32, in front of a aecond metallic layer (34). 

" M The uhrasound transducer according to claim 11, cha^ct^a 
1 the metallic foil layer of the stiip-shaped elements of the ultinaound 
transducer is a thin layer of an enviromnentaftr stable metaL 

3, l5 ^ ultrasound transducer awarding to claim 11, '^^^ 
L the metallized fofi ,30, of the atrip-shaped elements o, the ultras^ 
transducer is provided with a layer of gold. 
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16. The ultrasound transducer according to claim 15, characterized in 
that the metallized foil layer of gold is of the order 5-100 rim. 

17. The ultrasound transducer according to claim 11, characterized in 
that the second metallic layer (34) constitutes a conducting layer onto a base 
material (35) provided on an opposite side with a third layer (36) constituting 
a conducting layer covered by a dielectric layer (37), the third layer (36) 
acting as an electrical screening of the back of the transducer. 

18. Hie ultrasound transducer according to claim 11, characterized in 
that one strip-shaped element at a time is driven by the ultrasound 
generator by means of a pair of switches (42, 44) controlled by a 
microprocessor (40) also used for processing signals acquired by the 
proximity sensing system. 

19. The ultrasound transducer according to claim 11, characterized in 
that the first strip-shaped element (21) and second strip-shaped element (22) 
cover an forward proximity sensing angle of more than 150 degrees, and up 
to the order of 180 degrees. 
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